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Abstract
Background: The complex mechanism of nicotine dependency makes it challenging to evaluate dependence or
progress towards dependence. The aim of this study was to estimate nicotine dependence levels and identify
determinants of dependence among Chinese rural-urban migrants.
Methods: Multi-stage systematic sampling was used to select 4,198 rural-urban migrants aged 18 years or older
from three metropolises in China. A structured questionnaire was administered during face-to-face interviews.
Nicotine dependence among participants was assessed by means of the six-item Mandarin Chinese Version of the
Fagerström Test for Nicotine Dependence (CFTND). Determinants of dependence were analyzed using multivariate
analysis of variance (MANOVA).
Results: Among 4,198 participants, estimated current, daily, and occasional smoking rates were 28.3%, 21.2%, and
7.1%, respectively. The CTFND score for the 894 daily smokers was 3.39(SD: 2.32). MANOVA showed that work type,
age at first migration, length of migration, and number of cities ever lived were associated with nicotine
dependence.
Conclusion: A migratory lifestyle is associated with nicotine dependence. Results could inform the design of
tobacco control programs that target Chinese rural-urban migrant workers as a special at-risk population.
Background
Tobacco smoking and nicotine dependence is a complex
syndrome involving physiological, psychological, and
behavioral processes [1]. The epidemic of dependence
on nicotine harbors enormous adverse consequences for
public health. The World Health Organization (WHO)
estimated that about 4 million deaths worldwide
annually are attributable to tobacco use, a number
expected to more than double by 2030 [2]. With more
than 80% of these deaths occurring in the less developed
world, the epidemic will strike hardest in that subgroup
of countries whose rapidly growing economies offer
their citizens hope for a much improved standard of liv-
ing [2]. China, with 20% of the world’sp e o p l ep o p u l a -
tion, experiences almost one million tobacco-related
deaths per year [3]. This number is projected to reach 2
million annually by 2025 and 3 million by 2050. Thus, a
total of 100 million Chinese will succumb to a smoking-
related death in the next 50 years if the current smoking
rate persists [4].
China is primarily an agrarian nation, with farmers
comprising more than three-quarters of its total popula-
tion [5]. Rapid modernization and industrialization have
triggered massive rural-to-urban migration. Migrants
increased from 50 million in 1990 to 121 million by
2000. They were estimated to have reached 160 million
by 2010, representing approximately one-quarter of the
Chinese working population [5]. While a few studies in
other nations have explored nicotine dependence among
general migrants [6-8], no studies have focused on
rural-urban migrants in China, an especially vulnerable
group. Although we have been unable to find any stu-
dies that have previously addressed nicotine dependence
among Chinese rural-urban migrants, there are studies
that examined smoking patterns in this population.
Chen and associates found that smoking levels were
positively associated with duration of migration and
number of cities in which migrants had worked [9], and
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any medium, provided the original work is properly cited.three cities (adjusted odds ratio (AOR): 1.65) or to four
or more cities (AOR: 2.80) versus one city only [10].
We hypothesize that Chinese rural-urban migrants are
highly susceptible to nicotine dependence for several
reasons. First, their unstable living situations may stimu-
late smoking [11-13], and secondly their solitude is asso-
ciated with excess smoking prevalence relative to the
general rural population [10]. Thirdly, higher levels of
disposable income may elevate their risk both for initiat-
ing and increasing tobacco consumption [9].
The complex mechanism of nicotine dependency
makes it challenging to evaluate dependence or progress
towards dependence [14]. This study is the first to esti-
mate nicotine dependence levels and identify correlates
among rural-urban migrant workers who reside in Chi-
nese metropolises. Findings will stimulate and inform
the creation, implementation, and evaluation of targeted
tobacco use prevention and cessation strategies and
programs.
Methods
Setting and participants
We employed a stratified multi-stage systematic sam-
pling procedure to recruit participants. In Stage 1, we
selected three metropolises based on broad geographical
representation. They were Chengdu in southwest China,
Shanghai in southeast China, and Beijing in north
China. Beijing, the Chinese capital, has a population of
approximately 17.4 million [15]. This population
includes an estimated 5.4 million migrants. Shanghai is
the most populous city in China with 18 million,
including approximately 7.1 million migrants [16].
Chengdu is the capital of Sichuan province, and has a
population of 11.2 million, including some two million
migrants [17]. In Stage 2, we selected one residential
district with a high density of rural-urban migrants in
each of the three study cities. In Stage 3, we selected as
the sampling unit within each district medium-sized or
large worksites (operationalized as employing 200 or
more workers) that employed migrants. We then ran-
domly sampled 10% of these sites by type [18]: (1) fac-
tory (manufacture, machinery, electronics, textile,
printing); (2) construction (public and private, transpor-
tation and public works infrastructure, and maintenance
operations); and (3) service (tourist bureaus, hotels, res-
taurants, barbershops, beauty salons, bath houses, night
clubs, karaoke venues, dance halls, and bars) and com-
mercial sites (markets, street vendors, and small retail
shops). In Stage 4, the final stage, we selected as eligible
participants from each district cluster of worksite types
all rural-urban migrant workers who were ages 18 years
or older, held rural “hukou,” (that is, were registered
permanent residents in a rural area), and had resided in
a destination city for at least six months. The number
of participants disaggregated by worksite type approxi-
mately corresponded to their estimated overall distribu-
tion across each district cluster of worksites [9,10,18].
Data collection
Data were collected by trained interviewers through
face-to-face interviews in the households of participants.
Various strategies were used to reach migrants at the
sample sites. First, we contacted employers at sampling
units for permission to conduct the survey on their pre-
mises. Upon receipt of this permission, we then con-
tacted recognized group “leaders” who mobilized and
encouraged their peers to participate in the study. The
study purpose was explained to all eligible participants
and verbal consent was obtained from all who elected to
participate. The Ethics Committee of the Medical Cen-
ter at Zhejiang University approved the study protocol.
All surveys were administered by local medical profes-
sionals, who were trained in research survey methods,
and investigators were on-hand to answer questions.
Questionnaires were completed by eligible and willing
participants and were checked by investigators for com-
pleteness. Assistance was provided to participants who
experienced difficulty in completion; typically because of
an educational deficit. Following completion, all partici-
pants were given a token of appreciation (tooth brush
and tooth paste; value US$0.50) and asked to provide
their names and phone numbers for verification
purposes.
Measures
Sociodemographic characteristics: age, gender, education,
marital status, work type, monthly income, region of ori-
gin, residency status, type of room/residence, and num-
ber of cohabiting family members.
Migration history age at first migration, length of
migration, and number of cities of migration.
Current smoking status: current frequency and quan-
tity of smoking. Participants reporting that they used
tobacco products, including cigarettes, cigars, rolled
cigarettes, and Chinese pipes, were considered smokers.
They were divided into daily and occasional smokers.
Quantity was calculated by units for pipe smokers and
number of cigarettes for the remainder.
Nicotine Dependence: assessed using the six-item
Mandarin Chinese Version of the Fagerström Test for
Nicotine Dependence (CFTND) [13]. Items covered
(F1) number of units smoked per day, (F2) time to
first cigarette after awakening in the morning, (F3)
early excess smoking (smoking status during the first
hours) (F4) reluctance to give up the first cigarette in
the morning, (F5) difficulty in refraining from smoking
in forbidden areas, and (F6) smoking even when ill in
bed.
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Data were entered using Microsoft Excel and transferred
to SAS. All analyses were conducted using SAS 6.12
Version and in several stages. First, Cronbach’s alpha for
the CFTND was calculated to test scale reliability. Sec-
ondly, we calculated the CFTND total score by sum-
ming responses to the six individual items, ranging from
0 (not nicotine dependent) to 10 (most nicotine depen-
dent), and reported scores across demographics. Thirdly,
we calculated the arithmetic mean (with standard devia-
tion) to reflect the nicotine dependence level for the
sample, and then performed MANOVA to examine the
association between nicotine dependence on the one
hand and smoking status, demographics, and migration
variables on the other. Nicotine dependence was our
dependent variable. Our independent variables were age,
education, ethnicity, marital status, region of origin, age
at first migration, length of migration (years), time spent
in city in each year (months), number of cities ever
lived in, work type, personal income, type of city resi-
d e n c e ,a n dt y p eo fs m o k e r s .T h e yw e r ea l le n t e r e di n t o
the MANOVA equation. We considered values of p = <
0.05 to be statistically significant.
Results
Demographics
A total of 4,825 individuals were identified as eligible
participants for our study. Of those, 4,198 were
approached and agreed to be interviewed, resulting in a
participation rate of 87%. Complete data were reported
on the participants due to immediate remedial followup
as needed.
Of the 4,198 participants, 53% were male. The great
preponderance was under 40 years of age (81%) and
earned a personal monthly income of 2,000 RMB or less
(81%). Forty-five percent were employed in construction,
32% in the service sector, and 21% in factories. Sixty-two
percent of participants had junior school or less educa-
tion, 47% had worked in the city of destination for five or
fewer years, and 25% had worked in two or more cities.
Smoking prevalence and CFTND scores
The current smoking rate was 28.3%, the daily smoking
rate 21.2%, and the occasional smoking rate 7.1%.
Among daily smokers (894) the Cronbach alpha for
CTFND was 0.67, which indicated acceptable scale relia-
bility. The average number of cigarettes smoked daily
was 15.82(SD: 8.09) and 86% of participants reported
smoking 10 or more. The total CFND score for all daily
smokers was 3.39(SD: 2.32).
Distribution of CFTND scores for daily smokers
Table 1 shows the mean and standard deviation of
CFTND scores for daily smokers pertaining to
respondent sociodemographic and migrant characteris-
tics. Scores increased with age, and tended to vary inver-
sely with education. Scores were lowest among the
never married than the married and the previously mar-
ried, and among construction workers relative to other
workers. CFTND scores tended to rise with age at first
migration, length of migration, and number of cities of
migration.
Table 2 shows the results of the MANOVA analyses
of CFTND scoresamong daily smokers. Score were
higher among construction workersthan factory and ser-
vice workers. Age at first migration, length ofmigration,
and number of cities of migration were all associated
withnicotine dependence.
Discussion
A better understanding of nicotine dependence will con-
tribute to the design of evidence-based treatment strate-
gies for nicotine dependence. It could be imprudent to
assume that patterns of tobacco smoking and nicotine
dependence rural-urban migrants mirror those observed
in general population. This study is the first to evaluate
nicotine dependence in Chinese rural-urban migrants.
We determined that the Chinese version of CFTND was
acceptably reliable for estimating and analyzing depen-
dence in our study population of adult rural-urban
workers. The total CFTND score of 3.39 (3.24-3.54) was
lower than that reported in some studies [19,20], but
higher than that in others [21]. However, there is no sig-
nificant difference between scores for our urban popula-
tion 3.47(3.35-3.62) [13]. By virtue of their
sociodemographics and the impact of the migration pro-
cess, we posit that migrant workers form a population
quite distinct from general rural and urban populations.
Thus, we acknowledge difficulty in making direct inter-
population comparisons. Whereas many studies reported
significant associations between nicotine dependence
and general demographics [13,19-23] we found none.
On the other hand, we did find associations with some
specific aspects of migration.
With respect to work type, we found that nicotine
dependence peaked among migrant daily smokers who
engaged in construction. Almost half of the rural-urban
migrants are in that occupation [9,10]. Construction is
burdensome and hazardous, but the salary is very low
and remuneration is often delayed or denied [18]. Con-
struction workers have the lowest socioeconomic status
among the migrants. In exacerbating stress, employment
in construction makes migrant workers very prone to
nicotine dependence [18]. The association between age
at first migration and degree of nicotine dependence
likely reflects the fact that younger migrants adapt more
poorly to urban life than older counterparts - leading to
additional stress, increased susceptibility to smoking and
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Group n Mean SD F P value
Age (in years)
< 20 20 2.10 1.80
20-29 236 2.88 2.22
30-39 345 3.35 2.17
40+ 293 3.95 2.47
Gender
male 869 3.41 2.32
female 25 2.84 2.19
Educational attainment
elementary or lower 134 3.61 2.26
junior high school 483 3.53 2.38
high school 223 3.05 2.23
college or higher 54 3.07 2.07
Marital status
never married 201 3.00 2.28
married 663 3.50 2.33 3.91 < 0.05
divorced/widowed 30 3.73 2.12
Work type
construction 426 3.62 2.29
factory 288 3.28 2.34 4.62 < 0.05
service 180 3.03 2.30
Personal income (RMB)/month
< 500 RMB 32 3.56 2.14
500-499 131 3.34 2.32
1000-1999 478 3.49 2.33 1.11 > 0.05
2000-2999 190 3.10 2.28
> = 3000 63 3.54 2.40
Region of origin
south-east 227 3.15 2.33
south-west 569 3.51 2.31 2.07 > 0.05
Other 98 3.31 2.34
Registered residential status
rural 726 3.43 2.32
urban 168 3.22 2.28
Age at first migration
< 20 268 2.95 2.26
20-29 345 3.45 2.28
30-39 224 3.73 2.28
40+ 57 3.83 2.61
Length of migration (years)
< 5 273 3.14 2.22
5-9 289 3.28 2.37
10-14 180 3.51 2.22
15+ 152 3.93 2.42
Numbers of cities of migration
1 263 3.35 2.39
2 304 3.15 2.30
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cities of migration was associated with nicotine depen-
dence, consistent with findings on smoking behavior
from other studies [9,10]. This may be because unstable
living situations make people more prone to heavy
smoking [11-13]. The association we found between
length of migration and nicotine dependence probably
stems from the cumulative stressful effects of adverse
migrant living and working circumstances [11-13].
Yang and associates reported that 38% of rural urban
migrants first migrated before 20 years of age, 60%
moved to two or more cities, and 79% resided in their
destination cities for 3 years or longer [10]. Chen and
associates reported that 57% of rural-urban migrants
had moved to two or more cities and slightly less than
two-thirds had three or more years of migratory experi-
ence [9]. Those findings and ours collectively show that
the relationship between migration history and nicotine
dependence represents a serious health problem in
China.
Some special prevention initiatives, which address
nicotine dependence, should target rural-urban
migrants. Both government and local health authorities
need to formulate tobacco control policies and design,
implement, and evaluate prevention strategies and pro-
grams to confront the epidemic of nicotine dependence
in the migrant population. Prevention needs to be an
integral feature of community healthcare programs, and
different types of health services should be provided to
the migrant population. For example, a community-
based tobacco control health education curriculum
should be developed to target this group through
schools, workplaces, and households. Its content should
include identification of relevant risk factors for nicotine
dependence. Moreover, special counseling should be
part of existing community health services to enable
rural-urban migrants to eschew or cease smoking as
pertinent.
There are a number of study limitations. These limita-
tions relate to sampling, subject heterogeneity, and
research design. Sampling is very complex issue, and it
was infeasible for us to obtain a truly national sample of
rural-urban migrants. It is while value to be explored
fourth. Moreover, we were unable to capture the total
complexity of rural-urban migrant existence, including
issues of unemployment and family employment. Only
about three percent of rural-urban migrants are unem-
ployed [24], and less than two percent have family
employment [25]. Another study limitation was that our
cross-sectional design precluded causal inference.
Table 1 Distribution of CFTND scores for daily smokers by background characteristics (n = 894) (Continued)
3 146 3.40 2.16
4+ 181 3.86 2.33
Type of city housing
collective dormitory 452 3.35 2.43
room rented by self 251 3.58 2.17
room rented by self and other family members 133 3.37 2.29 0.97 > 0.05
room owned by self 44 3.20 2.14
other 17 2.65 2.00
Nicotine dependence and associated factors
Table 2 Table 2 shows the results of the MANOVA
analyses of CFTND scores among daily smokers
Group N Mean SD F P value
Work type
construction 426 3.62A 2.29
factory 288 3.28B 2.34 11.64 < 0.01
service 180 3.03B 2.30
Age at first migration
< 20 268 2.95A 2.26
20-29 345 3.45AB 2.28
30-39 224 3.73B 2.28
40+ 57 3.83B 2.61
Length of migration (years)
< 5 273 3.14A 2.22
5-9 289 3.28A 2.37
10-14 180 3.51A 2.22
15+ 152 3.93B 2.42
Numbers of cities of migration
1 263 3.35A 2.39
2 304 3.15AB 2.30 3.10 < 0.05
3 146 3.40ABC 2.16
4+ 181 3.86C 2.33
Score were higher among construction workers than factory and service
workers. Age at first migration, length of migration, and number of cities of
migration were all associated with nicotine dependence. MANOVA of factors
associated with nicotine dependence among daily smokers*
*Shared letters across groups indicate non-significant intergroup differences
and different letters significant differences.
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Our study suggests that the migratory process and
urban maladaptation induce nicotine dependence among
Chinese rural-urban migrants. Findings provide justifica-
tion for designing and implementing appropriate
tobacco use prevention and cessation strategies and
programs.
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